The number of accidents on rural roads still represents a higher percentage of accidents than those occurring on built-up areas and motorways. Many countries are working on the definition and implementation of strategies that relate to the improvement of traffic safety on rural roads. This paper presents an approach to the analysis of traffic safety and the frequency of traffic accidents. The developed model is based on reliability theory and the application of the reliability reallocation model on data concerning traffic accidents that have occurred on rural roads. To test the model, a state road made up of 20 sections of a total length of 255 km was selected. The analysis of traffic safety on the observed road covers the period between the years 2005 and 2013 (this period is divided into two intervals ). Following the basic analyses of traffic safety that are positioned in a space-time coordinate system, the next step is the reliability analysis and the ranking of the section. In this paper, the reallocation method was observed from the aspect of the reduction in accident frequency by 10% and the application of the ARINC apportionment technique.
INTRODUCTION
Injuries in road traffic represent a significant global public issue. Road traffic is the most complex and most dangerous system. According to estimates by the World Health Organization, each year 1.24 million people around the world are killed in road traffic accidents, whereas the number of injured ranges between 20 and 50 million [1] . Research in Europe indicates that in 2016, 25500 people lost their lives on EU roads, and further 135000 people were seriously injured on the road. The research in Europe showed that the EU28 collectively reduced the number of road deaths by 19% over the period 2010-2016 [2] . The analysis of road safety by road type in 2015 in most European countries shows that more than 50% of accidents occurred on rural roads. For example, more than 50% of fatalities occurred on rural roads in Hungary (54%), Slovenia (55%), Denmark (56%), United Kingdom (59%), whereas more than 70% occurred in Finland, Ireland, New Zealand, Sweden, and Lithuania. Less than 50% of fatalities occurred in a small number of countries, including Greece, Switzerland, and Serbia. In Serbia, in 2015, 62.6% of fatalities occurred inside urban areas, 27.5% on rural roads and 9.8% on motorways [3] .
Interventions in places of high frequencies of traffic accidents are considered one of the most effective approaches to the prevention of road traffic accidents [4] . The development of methods of road accident analysis on rural roads plays an important role in the modern approach to road safety management. It is necessary to constantly monitor, analyze, and compare the states of traffic safety for the purpose of developing and improving measures for increasing the level of traffic safety. The road accident frequency has traditionally been the subject of a large number of research works, with a The application of reliability reallocation model in traffic safety analysis… 116 number of different methodological approaches to the prevention of the road accident occurrence in the previous period [5] . There are a few aspects of the analysis of the road accident frequency. The basic one is temporal and spatial analysis, although research and development of spatial-temporal analysis of traffic accidents have become actual in recent years [6] [7] [8] [9] [10] .
For the road authority, it is very important to know which model to apply in order to increase traffic safety. Models that observe the time between two traffic accidents, unlike other models that are used to analyze the accident frequency, require only data about the time of occurrence of a road accident and location. These models have a number of advantages for the road authority. Jovanović et al. and Bačkalić et al. [11] [12] showed the practical application of these models in analyzing the road accident frequency on rural roads. This paper presents the results of applying the reliability theory model according to the methodology developed in [11] [12] and compares traffic safety on rural roads for two periods of analysis, five years before the adaptation of the new law on road traffic safety and four after it.
DEFINING THE MODEL
Before showing results of ARINC reallocation model and comparing traffic safety in these periods, it is necessary to first calculate the parameters of road reliability.
The parameters of road reliability
Temporal and spatial data about the road accident occurrence are input parameters for the testing reliability models of the road and the road sections, which takes into account the time between the occurrences of two consecutive accidents on the observed road.
The parameters of road reliability are then calculated from a temporal aspect according to the forms of the technical systems reliability theory [13] [14] [15] [16] [17] . When analyzing the probability and the occurrence of accidents on the sections, and on the road as a whole, we observed the period of t = 365 (days) = 8,760 (h). All the traffic accidents have been allocated based on the time of occurrence (year/month/hour) and location on the road (kilometer/meter), which provides us with the temporalspatial distribution of traffic accidents per section. Testing whether the empirical time distributions between successive accidents on the sections match the theoretical distributions was performed using the χ 2 test.
According to formulas explained in the paper [11] , we calculated the main parameters of sections (i=1,2,3,…,20) and road as follows:
• Accident rate function (l) . (1) • Distribution function (F) . (2) • Reliability function (R) . (3) • Meantime between two accidents (T0) . (4) • The probability that there will not be an accident (P0) . (5) • The probability of n recoveries (Pn) 
Reallocation of reliability/safety of a road
Reliability allocation represents the process of defining goals or reliability requirements for the components of a system in such a way so as to ensure the achievement of the goals or required reliability of the system. Several methods have been developed for reliability allocation. These methods include equal apportionment technique, AGREE apportionment technique, ARINC apportionment technique, EFTES apportionment technique, minimum effort algorithm, etc. [12] [13] . All of these methods have some advantage or disadvantage. In the field of traffic safety, it is also important to set precise requirements that need to be achieved in order to increase the safety of a particular road. Before applying some of the reallocation methods, it is necessary to first study the system and all the relevant factors. In this paper, we applied the ARINC apportionment technique.
Reliability reallocation through the application of the ARINC apportionment technique
The ARINC allocation method requires the possession of approximate values of the failure rate of all elements of the system. The prerequisites for the application of this method are as follows: (i) the system consists of n serially connected elements so that the failure of any one element represents the failure of the entire system, (ii) the failure rates are constant, and (iii) the operating time of the system's elements is equal to the operating time of the entire system. The ARINC allocation method demands that the reliability requirements are expressed through failure rates.
The application of the ARINC method requires that the reliability requirements are expressed through failure rates [12] [13] . It is necessary to select λi * so that (7) where λi * is the failure rate reallocated to the ith element of the system, and λ * is the maximum allowable failure rate.
On the basis of determined values of the elements' failure rates (λi), we determine the weighting factor (ui) for each element of the system, using the following expression: (8) As ui represents the relative sensitivity to the failure of the ith element of the system, it follows that:
The required failure rate of the i-th element of the system (λi * ) is calculated by applying the following equation: , (9) where as the corresponding values of reliability that are allocated to subsystems are calculated as follows: , (10) where t is the operating time of the system. This equation gives us the reliability values that need to be reallocated to the elements of the system, in order to achieve the required failure rate of the system (λ * ), as well as the required reliability of the system (R * ). 
RESULTS
To test the model, we selected a state road made up of 20 sections of a total length of 255 km. The analysis of traffic safety on the observed road covers the period between the years 2005 and 2013. Within the framework of the work, the parameters of road reliability were observed in three time periods, the first period of observation ranged between 2005 and 2009, the second one between 2010 and 2013, and the last third covered the period of nine years between and 2005 and 2013. It is important to note that the new law on road traffic safety was adapted at the end of 2009. This change may have had an impact on the state of traffic safety. The law was effective from early 2010. In that period of time, media campaign was actively running and the new law brought a change in penal policy. It is assumed that this action affected the behavior of participants that also resulted in a reduction in the number of people who were killed on road. This was one of the reasons why it was taken as a groundbreaking year in 2010 in order to see is there any the change in road safety between these periods. As the subject of the analysis was not the influence of other circumstances on the change in the number of traffic accidents, the analysis did not take into account whether during the observation period some reconstructions or changes were made on the observed roads that would have an impact on the change in the number of traffic accidents.
This road is within the model observed as a system of 20 serially connected elements (sections) ( Table 1 ). The sections represent parts of the road network between two consecutive traffic nodes and are used to provide for continuous and unobstructed traffic flows [18] . Each section is specified by the structure and volume of the traffic, road environment, units, and road equipment. The reliability parameters that were used in the reallocation model are follows: the failure rates of the sections and the road (l), the reliability function (Ri(t)), and the mean time between the occurrences of two consecutive accidents (T0) ( Table 1 ). The reliability parameters of the observed sections and the road as a whole can be calculated for different periods (t = 7 (days) = 168 (h); t = 30 (days) = 720 (h); and t = 365 (days) = 8760 (h)). When analyzing the probability and the occurrence of the accidents on the section, as well as the road as a whole, we observed the period of t = 365 (days).
Comparison of accident frequency rates among road sections (the number of accidents during one Table 1) . By comparing the reliability or the mean time between two consecutive accidents on the sections and the periods of observations, we may conclude that section 15 is the least reliable or it has the shortest T0. Other sections are not on the same position in these three periods. For period 2005-2009, the section 15 is followed by section 19, 14, 9, and for period 2010-2013 after section 15, sections 14, 10, and 7 follow. The most reliable sections are 5, 16, 17, 18, and 12 for all three periods (Table 1) . On section 5, there is no traffic accident for all period of observation, so the reliability of this section is 1 ( Table 2) .
Following the basic analyses of traffic safety on the basis of traffic accidents that are positioned in a space-time coordinate system, the next step is the reliability analysis and the ranking of the section. After the reliability analysis and ranking, the road authority defines the desired level of reliability. The required level of reliability can be defined as an exact value or as the result of a precise percentage of increase.
Request in rural road traffic safety analysis could be for example increased reliability of the road by 20% or request for reducing the frequency of accidents by 20% [11] . In this paper, the reallocation method was observed from the aspect of a reduction in accident frequency by 10%. Hereafter, the 119 S. Bačkalić, D. Jovanović, T. Bačkalić, B. Matović, M. Pljakić values of the required reliability of the system (RS * ), the required traffic accident frequency (lS * ) during one year, and the mean time between two accidents (T0S * ) have been calculated and provided in Table 3 . Required reliability according to lambda reduction (Ri * ) equals R * .
The required frequency of traffic accidents (lS * ) equals (12) The mean time between two accidents (T0S * ) is calculated according to the expression:
On the basis of defined goals (determined increase in reliability), we calculated the values of the new parameters of the sections (reliability, frequency of accidents, and the mean time between two accidents), applying the ARINC apportionment technique. Tables 3, 4 , and 5, in addition to the values of the reliability parameters, also provide the changes in these values. With the ARINC method, the percentages of changes in the frequency (Δl ) are the same for all of the sections, and they equal. The provided results indicate the basic characteristics of the proposed methods. The ARINC method assigns each section with a particular "effort" that is necessary to achieve a defined level of reliability. Table 4 shows the results of the ARINC method, i.e., how much the reliability of each road section needs to be increased in order to achieve the required reliability of the system when the request is the reduction in accident frequency by 10% (Tables 4-6 ).
CONCLUSIONS
For many years, experts in the field of traffic safety tend to reduce the number, as well as to mitigate the consequences, of traffic accidents. The basis of any research is a detailed analysis as well as continuous monitoring of the temporal and spatial distribution of traffic accidents, or casualties respectively. Besides these basic tasks, experts from the field of traffic safety need to identify, rank, 121 S. Bačkalić, D. Jovanović, T. Bačkalić, B. Matović, M. Pljakić select and treat dangerous road section, and define the goals of traffic safety. For these actions, road authority needs tools and procedures that would serve as support in the decision-making process. In spite of huge efforts and many developed methods and models, the number of accidents on rural roads still has a higher percentage in the total number of accidents than the accidents occurring on built-up areas and motorways. Researchers and road authorities in many countries constantly work on the definition and implementation of strategies that relate to the improvement of traffic safety on rural roads. The application of the reliability theory in analysis of the traffic accident frequency allows setting of precisely defined levels for practical analysis and actions in real time in cases when the modest data base is available (the time between two events is observed, which is at the same time the main advantage of these models). The main theoretical goal of this paper is the presentation of the developed approach to the analysis of traffic safety and the traffic accidents frequency on rural roads based on the theory of the reliability reallocation. The model has been tested using the ARINC method for the reliability reallocation. The advantage of the ARINC method is reflected in its simple mathematical approach and application, the only input values are location and time of a traffic accident's occurrence, it have possibility to set a precisely express goal (the reliability level) and output is a user friendly report. One of the shortcomings of this method is the allocation of a new, required reliability to all elements of the system, which in a practical sense creates certain problems. The secondary goal is the presentation of the main advantages of the proposed model -flexibility and decision support in real time. In the classic approach (spatial-temporal analysis), analysis requires data collected in longer previous periods with no interruptions and do not offer decision support in real
The application of reliability reallocation model in traffic safety analysis… 122 time. As well, when the subject of analysis is the comparison of the number of accidents between two roads or the same road in the different periods, researchers or road authorities require data for periods with the same duration. The presented method offers solution when we have modest database and different duration of the observation period. The presented case study was implemented on the same rural roads in two periods. The required level of reliability was defined as a reduction in observed accident frequency by 10%. The results of the analysis (reallocated reliability and new mean time between two accidents) and sections rankings are shown in Table 7 .
The differences in the sections ranking, which are ranked by the value of the mean time between two accidents after the reallocation of new required reliability, confirm the assumption that the reliability of the road as a system and its sections as elements is variable over time. The differences in the ranges of sections between the two periods observed (2005-2009 and 2010-2013), and its comparison with the values for the entire period (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) , indicate that it is necessary to analyze shorter periods. With a classic approach, the length of the observation period allows working with a larger sample, i.e., number of traffic accidents. However, the longer period prevents the monitoring and analysis of changes over time. Comparison of the results given in Table 7 indicates that it is not the same rank of the individual sections, that is, the task of reducing the frequency of traffic accidents needs to completely differently be reallocated on sections over different periods.
The approach described in this paper represents a form of proactive action that allows the decision maker to monitor the condition of traffic safety on certain roads by observing only the time between the occurrences of two accidents. The differences in the ranking of the section, which are ranked by the value of the reallocated mean time between two accidents, confirm the assumption that the reliability of the road as a system and its sections as elements is variable over time. The proposed model has great potential for expansion and development. 
